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Abstract. De Broglie’s quest for a wave-like approach capable of representing the position of 
moving particles is simply satisfied by assuming that they run along the ray-trajectories of a 
matter wave solving (under assigned boundary conditions) a time-independent Schrödinger 
equation.  
1 - Introduction 
Let us begin our considerations by quoting the starting lines of a paper written by Louis de 
Broglie in 1959 [1], 30 years after the Nobel Prize rewarding his foundation of Wave 
Mechanics: 
In my first works on Wave Mechanics, dating back to 1923, I had clearly perceived that it was 
necessary, in a general way, to associate with the movement of any corpuscle the propagation of 
a wave. But the homogeneous wave that I had been led to consider, and that became the wave 
  of the usual wave mechanics, did not seem to me to describe the physical reality (...). Giving 
no particular prerogative to any point in space, it was not capable of representing the position of 
the corpuscle: we could suppose at most, as was very shortly done, that it gave, by its square, 
the "probability of presence"  of the corpuscle in each point. 
The present paper is an attempt to satisfy de Broglie's quest without resorting to any kind 
of (Bohmian or other) probabilistic or hydrodynamic approach. Our treatment aims to 
provide the exact particle dynamics by an approach going beyond  “the simple  illusion of a 
better understanding” [2]. 
2 – The wave-mechanical context 
 Both theoretically [3, 4] and according to the experimental verification [5] the motion of  
non-interacting point-particles of mass m , launched with momentum
0
p  and energy  
2 /
0
2E= p m  into a force field deriving from a stationary potential energy V( )r ,  may be 
treated in terms of a peculiar "matter wave", specified by a suitable context of launching 
conditions. The construction of such a wave in the full region of the particle motion 
requires the previous knowledge of the starting position of the particles themselves over an 
assigned phase surface (0 ,E)= const r , according to an assigned space amplitude 
distribution  0 E)R ( ,r . The matter wave shall be built up, within this context, in the general 
time-independent form 
    ( )) (( , ), ,ER iu E E e rr r  ,    (1) 
with a wave-vector field 
    ) )( , ( ,E Ek r r .     (2) 
Matter waves are viewed, in this perspective, as a spatially periodic feature (akin to Planck’s 
time periodicity E= ω ), which affects each particle according to de Broglie’s basic Ansatz 
    ) )( , ( ,E Er rp k .     (3) 
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Eq.(3) represents a "Newtonian" Law of Nature (akin to d / dtF p ) about whose ultimate 
physical significance we make no hypothesis, entrusting its test to experience. It plays the 
threefold role of:  
1) addressing the particle momentum p  along the field-lines of the wave-vector k  of the 
matter wave,  
2) suggesting, therefore, that particle trajectories do exist, contrary to widespread different 
opinions, and 
3) predicting the relevant wavelength 2 2λ π / k = π / p , which was verified by the 
Davisson-Germer experiments [5, 6]  on electron diffraction by a crystal of Nickel. 
Recalling that any Helmholtz equation (the simplest form of stationary wave equation) is 
associated with an exact Hamiltonian system of coupled ray-trajectories [7-12], we look now, 
as suggested in Refs. [3, 4], for a Helmholtz-like matter wave equation whose ray-trajectories 
reduce, in the geometrical optics limit, to  the laws of Classical Dynamics. Not surprisingly, 
such an equation assumes the form of the well-known time-independent Schrödinger equation 
   ( ) ( ) ( )2
2
2mu ,E + [E -V ] u ,E =0 r r r .    (4)  
By introducing the expression (1) of the matter wave itself into eq.(4), and separating real 
from imaginary parts, the exact Hamiltonian system of coupled trajectories along which the 
particle motion is addressed according to eq.(3) is obtained in the form  
   
( )
5.2
5.3
5.4
5.1
( )
( )
)
( )
[ ( ) ( )] (
( )
0
2 0
t=0
d H
=
mdt
d H
= - - V +W ,E
dt
R =
2mEp =




















r
p
r p
p
p
r r
p


  (5) 
where    
( )
( )
( )
,E
W ,E
2m ,E
r
r
r
2 2R
= -
R
     (6) 
and       ( ) ( ) ( )
2p
H , ,E +W ,E + V
2m
r p r r .    (7) 
The trajectory-coupling “Wave Potential” term W( ,E)r  is the one and only cause of any 
diffraction and/or interference process, and in its absence the Hamiltonian system (5) is seen 
to reduce, as expected, to standard Classical Dynamics. A further property of W( ,E)r  is to 
act perpendicularly to the particle momentum, leaving therefore its energy unchanged.  
Notice that the energy-dependent Wave Potential W( ,E)r  has little to share (in spite of its 
formal analogy) with Bohm’s almost intractable Quantum Potential ( , )Q tr  [13], mixing 
together, in a simultaneous compound, the whole set of energy eigen-values of eq.(4). 
In the relativistic case eq.(4) is replaced, for particles of rest mass 0m , by a suitable 
(Helmholtz-like) Klein-Gordon equation [9, 11, 12], associated with a relativistic trajectory 
system where eqs.(5.1) and (5.2) are extended in the form (holding even in case of vanishing 
rest mass) 
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with 
 
2 2 2c RW
R2 E
   and 22 2 20H V (pc) +(m c ) EW   . 
Limiting ourselves here to the non-relativistic system (5), we may start its time-integration, as 
previously stated, by assigning the particle distribution  0 E)R ( ,r  over a launching wave-front 
(0 ,E)= const r , where ) (( ,0 0E ,E)p rr  . Eq.(5.3) (expressing the constancy of the 
flux of the vector field 2R p  along any tube formed by the ray-trajectories) shall provide, at 
each time-step of the particle motion, the values of the amplitude distribution ( ,E)R r , and 
therefore of the Wave Potential (W ,E)r , on the next wave-front ( ,E)= const r , reminding 
eq.(3). 
Contrary to the popular narrative, in conclusion, but in agreement both with the Davisson-
Germer experiment [5] and with the “ontologic parsimony” expressed by Ockham’s Razor 
[14], the wave-mechanical “duality” does not predict a wave travelling with the particle. It 
predicts a stationary wave (solving eq.(4)) normally to whose wave-fronts any number of 
non-interacting particles is addressed, without any wave-particle energy exchange, according 
to the wave-mechanical context of the launching conditions. Once these conditions are 
applied, the time-integration of the wave-mechanical system (5) provides step by step, without 
resorting to any kind of probabilistic or hydrodynamic interpretation, the solution of de 
Broglie’s problem of representing the position of any corpuscle all along its motion. We 
shall obtain, in fact, a stationary pattern of virtual trajectories stemming from the launching 
wave-front and mutually coupled, at each point of space, by the local value of the Wave 
Potential. Both the exact trajectory and time-table of any single particle shall be simply 
picked up from the overall display of numerical results, starting from its launching position. 
In the absence of wave-mechanical coupling the trajectory pattern and motion law would 
clearly reduce, as already observed, to Classical Mechanics.  
Let us expound the relevant physics in detail, by means of a few simple examples of wave-
mechanical contexts.  
Assuming, for simplicity sake, a geometry limited to the plane( , )x z  , we consider, to begin 
with, the diffraction  of particles  launched along the z -axis, in the absence of any external 
field V( )r , through a slit of half-width 
0
w  (centered at x=0, z =0 ) practiced on a screen 
placed along the x-axis. Any particle launched with momentum components ( )xp t 0 0   
and z 0(t=0)= = 2mEp p  shall be guided by a matter wave with launching wavelength 
0 2 / 2mE  . In the absence of  external fields, and under the rule of the energy-
preserving Wave Potential alone, we’ll have 0   all along the particle motion. The 
numerical solution of the Hamiltonian system (5) shall provide both a stationary pattern of 
coupled trajectories and the particle time-table along these “rails”.  
Fig.1 refers to the case of particles launched along the z-axis with a transverse amplitude 
distribution of the Gaussian form [10] 2 20R(x;z=0) exp(- x / w ) , with 
- 4
0 0 10λ / w . 
A.Orefice, R. Giovanelli and D. Ditto  -  The Physical Role of Matter Waves  -  arXiv:1903.01870v4 [quant-ph] 
 
 
 
4 
The full virtual trajectory pattern is plotted on the left-hand side  of the figure, in terms of the 
dimensionless co-ordinates 
0/x w  and 0/z w .  The right-hand side  presents, in its turn, the 
initial and final intensity (R2) distribution. The two heavy lines  (representing particle 
trajectories starting from the so-called “waist” positions 0x / w = ±1 ) turn out to be in 
excellent numerical agreement with their well-known "paraxial" [15] analytical expression  
    
2
0
2
0 0
1+
λ zx =±
w πw
 
 
 
 
 
,     (8) 
thus providing a test of our approach. 
 
Fig.1 – Particle trajectories in the case of a Gaussian launching distribution 
 
Fig2. Particle trajectories in the case of a non-Gaussian launching distribution 
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The dramatic dependence of the particle trajectories on the wave-mechanical context (i.e. on 
the launching assignment of (0 ,E) r ,  0 E)R ( ,r  and 0 0λ / w  ) is clearly shown in the simple 
example of Fig.2, where particles are launched with a bell-shaped non-Gaussian [10] 
amplitude distribution. While in the previous case, as predicted by the standard optical 
diffraction theory [16], the diffracted wave distribution preserves its Gaussian form, the same 
doesn’t hold in the non-Gaussian case, where diffraction “fringes” are seen to appear. 
We finally present, in Fig.3, the case of a Gaussian particle distribution launched from the  x-
axis into an external potential field ( , )V x z  representing a lens-like focalizing structure [11, 
17]. The point-like focus obtained in the Geometrical Optics limit (dashed trajectories), by 
dropping the Wave Potential term W( ,E)r  from the equation system (5), is seen to be 
replaced by a finite focal waist when the diffractive role of the Wave Potential is duly taken 
into account (continuous trajectories). 
 
Fig.3. Particle trajectories in a lens-like potential 
3 – Discussion 
The present paper stresses the basic role of the time-independent Schrödinger equation (4) in 
the wave mechanical context: 
1) besides providing the main standard items of the whole quantum theory, such as energy 
eigen-values and harmonic oscillators [6], 
2) eq.(4) lends itself to describe,  thanks to its Helmholtz-like nature, the particle motion 
along a virtual pattern of coupled trajectories, determined by the launching conditions, 
under the diffractive and energy preserving action of the Wave Potential. Moreover, 
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3) thanks to its energy-dependence, it presents the Wave-Mechanical Dynamics as a direct 
extension of Classical Dynamics, including an energy-dependent force term, ( )W ,Er , 
of wave-like origin.  
And what about the time-dependent Schrödinger equation? Under Planck's condition 
     E   ,        (9) 
let us refer to a physical case involving a discrete set of eigen-energies 
n
E , eigen-frequencies 
/
n n
E   and eigen-solutions )(nu r of eq.(4) , and let us “complete” the matter wave (1) in 
the form  
    /) )( , ) ( (n nnn n
i E ti tt u e u er r r  .  (10) 
Any linear superposition, now, of the form 
     
n n
n
c ,tψ( ,t) = ψ ( )r r ,    (11) 
with arbitrary constant coefficients 
n
c , turns out [6] to be a solution of  the time-dependent 
Schrödinger equation  
    ( )
2
2
2m
ψ
- ψ +V ψ
t
i


r  :    (12) 
directly obtained from eqs. (1), (4) and (10): in itself, NOT a standard-looking wave equation. 
The insertion of the function (11) into eq.(12) puts it in the form 
   
2
( ) ( )
2
[ - ( )]
n
n
2
nn n
E
i t
n
m
e E V 0u uc
  
 
  

 r rr ,  (13) 
where each term of the sum is of the form (4). Eq. (13) provides the closest approach between 
the two Schrödinger equations (4) and (12). At this point, two different routes are followed in 
the way of dealing with quantum problems: 
1) Standard Quantum Mechanics (SQM) is centered on eq.(12), which is taken, in spite of 
its counter-intuitive structure, as a Primary Assumption [18]. The function (11) is 
conjectured to carry the most complete physical information, ranging over the full set of 
particle eigen-energies, and collapsing into one of them in case of observation. A “probability 
current density” is obtained in the form  
     * *(ψ ψ -ψ ψ )
2mi
J   ,     (14) 
where 
2* 2ψ ψ ψ R  , and no definite particle trajectory (such as eqs.(5)) is admitted,  in 
an odd-looking  “scrambling of ontic and epistemic contextualities” [19, 20]. 
2) The Bohmian approach [13, 21] conjectures, in turn, a “guidance velocity” provided by 
a mixture of dynamics and hydro-dynamics of the form  
    /
* *
2
*2
ψ ψ -ψ ψ
R
mi ψ ψ
d (t)
dt
J
r
      ,   (15) 
A.Orefice, R. Giovanelli and D. Ditto  -  The Physical Role of Matter Waves  -  arXiv:1903.01870v4 [quant-ph] 
 
 
 
7 
to be evaluated in parallel with the numerical solution of the time-dependent eq.(12), and 
addressing the particle motion along the flux lines "along which the probability density is 
transported” [21].  
In both cases, the exact dynamics allowed by eqs.(3) - (5) is replaced by a probability flow 
[22] based on eq.(12), and the (experimentally well established [5]) role of de Broglie’s 
monochromatic matter waves [3, 4] is, to say the least, overshadowed. 
SQM and Bohmian Mechanics, in conclusion, stemming from the time-dependent eq.(12), 
appear to be based on heavily conjectural foundations, and to tell us, with respect to the Wave 
Mechanics stemming from the time-independent eq.(4),  a quite different story. 
Let us notice that 
- the assumption of de Broglie’s Ansatz in the (popular but incomplete) scalar form 
2λ= π / p  (rather than in the complete vectorial form (3), directly suggesting the existence 
of  particle trajectories), and  
- the assumption of the (strongly counter-intuitive) time-dependent Schrödinger equation 
eq.(12) as a Primary Assumption, 
have contributed to the widespread reputation of Quantum Mechanics (QM) as a scientific 
mystery.  
Indeed, “there remain several features of QM that resist an intuitive explanation (…). It is an 
open question whether unexpected future developments will produce an explanation of these 
features, or they will just become familiar by getting used to it (…). 
After all,”understanding” is a human mental state conditioned by our brain that has reached 
its state after (…) a few million years of evolution, but might not necessarily be adequate for 
the microscopic world.”[23]. 
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